Background: Chronic disease begins early in life, yet population data are sparse on potential causal factors in children and young adults in South Asia. Methods: We assessed risk factors for chronic disease in two population cohorts, aged 9-23 years, in rural Nepal. Assessed variables included short height (less than -2 z), high body mass index (BMI) (z > 0.42), waist circumference (WC) > 90 cm (male) or 80 cm (female) or age-adjusted child cutoff], high blood pressure ( > 120/ 80 mmHg), fasting glucose ( ‡ 100 mg/dL), glycosylated hemoglobin (HbA1c) ( > 7%), blood lipids [triglyceride, high-density lipoprotein cholesterol (HDL-C), and total cholesterol], diet, smoking, alcohol, and socioeconomic status (SES) factors. Results: The population was stunted (46%) and few were overweight (*2%-4% with high BMI or WC). Twelve percent had high blood pressure. Plasma hypertriglyceridemia ( ‡ 150 mg/dL) affected *8.5%, and 78% had low HDL-C concentrations < 40 mg/dL (male) or < 50 mg/dL (female)], while few ( £ 3%) had elevated total cholesterol ( ‡ 180 mg/dL), glucose, and HbA1c. Females were at higher risk than males for high blood pressure [odds ratio (OR) 1.9; 95% confidence interval (CI) 1.6-2.3] and overweight (4.2; 3.0-5.8), but had lower risk of dyslipidemia (0.7; 0.6-0.9). Ethnic plains Madheshi were less likely to be overweight (0.3; 0.2-0.4), but had greater risk of dyslipidemia (1.4; 1.1-1.7) versus those of Hill origin. Some dietary factors were significantly associated with high blood pressure or dyslipidemia, but not overweight. Conclusions: Dyslipidemia and high blood pressure are emerging health concerns among young adults in rural Nepal.
Introduction

W
ith the release of the Global Status Report on NonCommunicable Diseases in 2011 1 and the United Nations High-Level Meeting on Non-Communicable Diseases in 2011, there has been increasing awareness of the burden of noncommunicable diseases (NCDs) in low and middle income countries. It is estimated that up to 36 million global deaths in 2008, 63% of the total, were due to NCDs. Moreover, 80% of the global burden of NCDs are borne by populations in low-and middle-income countries. 1 In particular, South Asia is home to the most individuals who suffer from diabetes and cardiovascular disease. 2 It is also recognized that age-adjusted mortality from these conditions is 65%-85% higher in low-and middle-income countries compared to higher-income countries, 1, 3 in part, due to inadequate access to treatment alternatives, but also due to an earlier age of onset. 4 For instance, a study of risk factors for myocardial infarction across 52 countries, reported that the mean age of onset of myocardial infarction in South Asians was 52 years, a full 10 years younger than among European or North American cohorts. 5 In South Asia, nationally representative data on cardiovascular risk factors are lacking. Nevertheless, recent surveys have suggested that about 30% of the population of urban India and Pakistan has metabolic syndrome 6 1 1 1 areas, it has been reported to be as high as 25%. 7 South Asian adults have a higher percentage body fat and greater risk of obesity-related co-morbidities (hypertension, diabetes, and dyslipidemia) at any given BMI than age-matched Caucasian adults. 6, 8 Also, South Asians living in Canada had greater fasting insulin, lower high-density lipoprotein cholesterol (HDL-C), lower adiponectin, greater body fat, lower lean body mass, and more hepatic fat compared to Caucasians, after adjusting for age, sex, and body mass index (BMI). 9 Our research group has also found that disease risk is apparent in rural Nepali women, even at normal BMI and waist circumference (WC) levels. 10 The World Health Organization (WHO) Global Status Report focused on eight risk factors for NCDs: (1) Tobacco use, (2) harmful use of alcohol, (3) unhealthy diet, (4) raised blood pressure, (5) overweight and obesity, (6) raised cholesterol, (7) inadequate physical activity, and (8) cancerassociated infections. 1 In this paper, we focus on the first six factors and describe their prevalence in a population of adolescents and young adults (9-23 years old) in the Sarlahi District in rural southern Nepal. We used cross-sectional data from a follow-up study of individuals who had been participants in two randomized controlled trials of vitamin A or b-carotene supplementation either when they were young children 11 or via their mothers during pregnancy. 12 The purpose of this analysis is to report the prevalence of overweight, dyslipidemia, and elevated blood pressure and their risk factors in this early adolescent to young adult population in rural Nepal.
Materials and Methods
This study uses cross-sectional data in adolescents and young adults combined from two trial cohorts in rural Sarlahi District of Nepal. These individuals had participated in either one of two Nepal Nutrition Intervention ProjectSarlahi (NNIPS) micronutrient supplementation trials-one group when they were preschoolers 11 and a second group indirectly via their mothers during pregnancy. 12 The first trial, called NNIPS-1, was a placebo-controlled, clusterrandomized trial 11 that enrolled children aged 0-59 months of age from 1989 to 1991. The trial included an intensive growth monitoring subsample of 6617 children living in 40 randomly selected wards. The second trial, called NNIPS-2, was also a placebo-controlled, cluster-randomized trial 12 in which married women of reproductive age were enrolled from 1992 to 1997 and supplemented each week with a placebo or the recommended dietary amount of vitamin A, either preformed or as the equivalent dose of b-carotene. During the study period, women who became pregnant and birth outcomes were monitored. A 10% subsample of mothers and infants were invited for intensive biochemical and growth monitoring (n = 2055). The children from these two subsamples were followed up in 2006-2008 to assess a variety of health indicators (n = 5685), including early markers of cardiovascular risk. [13] [14] [15] [16] Those missing data on the outcomes of interest were excluded (n = 885), and adolescent and young adult women were excluded in the present analysis if currently pregnant (n = 71). The total sample size included in this analysis was n = 4729 ( Fig. 1) .
At follow up, trained field workers conducted interviews to collect information on household socioeconomic status (SES), literacy, ethnicity and occupation, smoking, alcohol consumption, and diet using a 1-week food frequency questionnaire (FFQ). Blood pressure was measured four times on the right arm using an automated measurement device (BPM 300, BPTrue, Canada). The first measure was discarded and the mean of the last three was recorded. Height (Harpenden stadiometer, Crosswell, UK), weight (Seca 881, Hamburg, Germany), and WC (Seca 200, Hamburg, Germany) were measured in triplicate. Venous blood was collected by a team of phlebotomists and was transported to the field laboratory where plasma analyzed for total cholesterol (TC), HDL-C, triglycerides, and glucose (LDX Analyzer, Cholestech, Hayward, CA). Glucose only was analyzed in individuals who provided a fasted blood sample (n = 3160). Fasting was defined as no food or drink other than water within 8 hr of the blood draw.
Age, systolic blood pressure (SBP), diastolic blood pressure (DBP), height, weight, BMI (defined as weight/height 2 ), and WC were checked for normality, outliers, and missing values. Blood pressure was categorized using standard cutoffs to define ''at risk of hypertension'' for adolescents 17 and young adults, 18, 19 where SBP and/or DBP were ‡ 90 th percentile of the reference population or ‡ 120/80 mmHg. Cutoffs were defined as high triglycerides ‡ 150 mg/dL, 20 high TC ‡ 180, low HDL-C < 40 mg/dL (adult males) or < 50 mg/ dL (adult females) 19 or < 35 mg/dL (children < 18 years of age), 21 and high fasting glucose ‡ 100 mg/dL. 21 We defined ''dyslipidemia'' as either TC/HDL-C ratio > 5 or triglycerides ‡ 150 mg/dL. 20 To establish cutoffs for BMI, we calculated the BMI-for-age z-score (BMI-z) corresponding to a BMI of 23 kg/m 2 or 25 kg/m 2 , two recommended cutoffs for Asian adults. 22, 23 We found these to be BMI-z > 0.42 or > 0.90, respectively. High WC was defined as > 90 cm (adult males) or > 80 cm (adult females). 24 To determine a cutoff corresponding to these values for individuals < 18 years, we generated a polynomial regression prediction equation using sex, age as a continuous variable, and interactions between sex and age. Residual values corresponding to 90 cm or 80 cm in male or female adults, respectively, were calculated, and these cutoff values were applied to adolescents. We defined ''overweight'' as either a high BMI (BMI-z > 0.42) or high WC. Stunting was defined as height-for-age z-score (HAZ) less than 2 standard deviations (SD) below the WHO growth reference median for children and adolescents. 25 SES was analyzed using principal component analysis, a method commonly used in low-income settings, 26 with a promax rotation by examining 16 questions on household assets and housing quality, extracting two components with eigen values > 1, which explained 38% of the variance. One component represented a summary measure of household quality and status, with the most heavily weighted variables, including type of roof and walls, type of latrine, number of household staff working in the house, number of rooms in the house, having electricity, land ownership, and owning a motorcycle. The second component represented household farming assets and food storage, with the most heavily weighted variables being kilograms of rice stored per household member, duration of time rice stores would last, and ownership of cattle or goats. The two components of SES were categorized into tertiles based on their component scores.
Dietary data were analyzed by grouping foods into categories including: (1) Meat or eggs (chicken, buffalo, goat, or other meat, fresh or dried fish, snails, and eggs); (2) milk or dairy (milk, yoghurt, whey, or tea with milk); (3) dark green 2 STEWART ET AL. leafy vegetables; (4) other carotenoid-rich fruits or vegetables (ripe pumpkin, mango, orange, papaya, and pineapple); (5) other fruits (green papaya, banana, jackfruit, guava, and apples); (6) potatoes; (7) (11) other grains excluding rice (millet or roti made from wheat or corn flour); and (11) lentils/nuts/legumes (boiled lentils, chick peas, soy beans, fermented dried soy flour balls [masyauraa], peanuts, lima beans). The grain category excluded rice because this food is consumed nearly universally at least one to two times per day. The number of times that the foods were consumed over the previous 7 days was summed across foods in each category. For the analysis, individuals were grouped into tertiles of consumption.
Logistic regression models were used to analyze factors associated with an increased risk of our primary cardiometabolic outcomes of interest (at risk of hypertension, dyslipidemia, and overweight). Because very few individuals met the cutoff criteria for high glucose or high glycosylated hemoglobin (HbA1c), these outcomes were not analyzed. To determine which variables to include in multivariable models, backward stepwise selection was used with a criterion p value < 0.05. Data was analyzed using Stata v.11.2 (StataCorp, College Station, TX).
The study was approved by the Institutional Review Boards at the Johns Hopkins Bloomberg School of Public Health and the Institute of Medicine in Kathmandu, Nepal.
Results
After excluding 71 females who were pregnant at the time of the assessment, a total of 4729 individuals were included in the present analysis, representing 3340 from the older 
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NNIPS-1 cohort and 1389 from the younger NNIPS-2 cohort. There were slightly more males than females (56% vs. 44%), and they ranged in age from 9 to 23 years (Table 1 ). In the older cohort, 53% were of Pahadi ethnicity (historically originating from the hills of Nepal) and the remainder were of Madheshi ethnicity (originating from the plains and emigrated from the northern States of India). In the younger cohort, the majority of the study sample was Madheshi (82%) due to the geographic location of the subsample area. The prevalence of smoking and alcohol consumption in the older cohort was 6.5% and 9.6%, respectively. In the younger cohort, these practices were virtually nonexistent ( < 1% for both). Meat, fish, or eggs were consumed infrequently, with a median consumption of only one to two times in the previous 7 days. Half of the respondents reported consuming snacks six or more times in the previous week. Combined, fruits and vegetables were consumed 3.3 times per day (data not shown). Of this, potatoes were consumed seven times in the past 7 days while ''other vegetables'' including corn, eggplant, peas, green pumpkin, okra, long beans, green bean, tomato, cauliflower, cabbage, and drumstick were consumed five times per week. Fruits, carotenoid-rich vegetables, and gourds were each consumed a median of three times per week or less. Rice was consumed by 97% of individuals at least once per day (data not shown).
This population had a high prevalence of stunting (41%-56%) but a low prevalence of high BMI (1%-5%) or high WC (*2.5%) ( Table 2 ). The prevalence of elevated blood pressure was between 11% and 13%, and the prevalence of high triglycerides was approximately 8.5%. Few individuals had high total cholesterol (*1%-2%), but 70%-80% had low HDL-C. A total of 16%-17% had a high total/HDL-C ratio. Elevated fasting glucose or HbA1c was nearly absent in either cohort ( < 1%).
The association between SES factors or lifestyle-related factors such as alcohol, cigarette smoking, and dietary intake in each of the cardiometabolic outcomes is shown in Table 3 . In general, females had a greater risk of elevated blood pressure [odds ratio (OR) 1.93; 95% confidence interval (CI) 1.57-2.29), and overweight (4.19; 3.03-5.79), but a lower risk of dyslipidemia (0.73; 0.62-0.87). The risk of high blood pressure significantly increased with age (1.05 per year; 1.03-1.08), yet age was not associated with overweight or dyslipidemia. Risk of overweight was reduced among those of Madheshi ethnicity (0.27; 0.19-0.38) and increased for those of Shudra or Vaishya Hindu caste (1.71; 1.19-2.44). The risk of dyslipidemia was significantly higher for those of Madheshi ethnicity (1.37; 1.10-1.71). Modifiable factors significantly associated with high blood pressure were literacy (0.78; 0.63-0.95), and high intake of other vegetables (corn, eggplant, peas, green pumpkin, okra, long beans, green bean, tomato, cauliflower, cabbage, drumstick; OR 1.40; 95% CI 1.13, 1.73). Modifiable factors significantly associated with overweight were literacy (1.59; 1.08-2.35) and stunting (0.70; 0.52-0.94). Higher SES was protective for dyslipidemia (0.76; 0.61-0.94). High BMI was associated with a 50% increased risk of dyslipidemia (1.56; 1.06-2.29). High meat intake (0.77; 0.63-0.95) and high legume intake (0.75; 0.60-0.94) were protective, whereas a high intake of yellow fruits and vegetables was a risk factor (1.33; 1.09-1.63) for dyslipidemia.
Discussion
We report here the prevalence of cardiovascular risk factors among a population cohort of rural Nepali adolescents and young adults. The prevalence of overweight in this population was low, and elevated fasting glucose or high HbA1c levels were virtually absent. In contrast, a low HDL-C concentration was observed in four-fifths of all subjects, and a high triglyceride concentration was far lower, but higher than expected, *8%, in this undernourished setting. Data were missing for ethnicity (n = 15), education and literacy (n = 113), smoking and alcohol consumption (n = 113), meat (n = 9), dairy (n = 13), dark green leafy vegetables (n = 6), yellow fruits and vegetables (n = 16), other fruits (n = 30), potato (n = 5), gourds (n = 6), other vegetables (n = 10), snacks and sweets (n = 15), rice (n = 5), other grains (n = 6), and legumes (n = 16). For most food groups, data were skewed and so are presented with median and intraquartile ranges of frequency consumed per week. Food groups were defined as follows: meats, fish or eggs (chicken, buffalo, goat, or other meat, fresh or dried fish, snails, and eggs); dairy products (milk, yoghurt, whey, or tea with milk); dark green leafy vegetables (fresh or dried); yellow fruits or vegetables (ripe pumpkin, mango, orange, papaya, and pineapple); other fruits (green papaya, banana, jackfruit, guava, and apples); gourds (bottle gourd [lauka], green pumpkin, ribbed gourd [ghiraula], and bitter gourd); other vegetables (corn, eggplant, peas, green pumpkin, okra, long beans, green bean, tomato, cauliflower, cabbage, drumstick); fried snacks and sweets (samosa/pakauda, fried sweets, savory fried lentils [dalmot] rice flour donuts [sel roti]); other snacks (puffed rice, packaged noodles, biscuits); other grains (millet or roti made from wheat or corn flour); and legumes (boiled lentils, chick peas, soy beans, fermented dried soy flour balls [masyauraa], peanuts, lima beans).
NNIPS, Nepal Nutrition Intervention Project; IQR, interquartile range.
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Elevated blood pressure, defined in this population of adolescents and young adults as being above the 90 th percentile of the US reference population, or 120/80 mmHg, was also clearly present, affecting 12% of individuals, a percentage that is slightly higher than found among US adolescents of a similar age, gender, and height (10%).
17
Although the prevalence of overweight or obesity in this population was low (i.e., 1-5%), other studies of children and adolescents have documented secular trends suggesting the prevalence to be rising in South Asia. In Delhi, North India, the prevalence overweight or obesity, defined using the International Obesity Task Force cutoffs for children and adolescents 27 was noted to increase from 16% to 24% in just 4 years, from 2002 to 2006. 28 In urban North India, one study has reported the prevalence of overweight or obesity among adolescents (age 15-19 years) and young adults (age 20-29 years) to be 7.6% and 11.5%, respectively, 4 much higher than seen in our study population. Stunting has been implicated as a risk factor for later risk of obesity among populations experiencing a nutritional or epidemiologic transition. 29, 30 Notably, much of the data on this topic have come from populations in Latin America. In our population, stunting was not associated with an increased risk of obesity, but, perhaps viewed as paradoxical, was associated with a 30% reduced risk in being overweight. However, in this context, stunting is often found to co-exist with thinness attributed to a chronically poor diet and a high burden of infectious illnesses. 31, 32 Nonetheless, early-life undernutrition, particularly low birth size and growth faltering in the first 2 years of life, which are also associated with stunting, 33 have each been shown to be associated with later life hypertension and cardiovascular disease risk in this 34, 35 and other populations, 36,37 reflecting complex dynamics as populations undergo transition.
The 4%-6% prevalence of hypertension seen in our study is similar to the 2%-6% prevalence reported in a North Indian study (blood pressure ‡ 140/90 mmHg) of adolescents and young adults, 4 but lower than observed among children and adolescents (5-14 years) in Pakistan (12%). 38 Prehypertension is not reported frequently, so it is difficult to know how our estimates of 11%-13% compare with others. Elsewhere, prehypertension has been found to increase the risk of premature death and cardiovascular morbidity and stroke, [39] [40] [41] emphasizing a potential value of identification and efforts to lower cardiovascular risk early in life. The prevalence of dyslipidemia was high in both cohorts, driven by a high prevalence of low HDL-C. We have found similarly low HDL-C values among other cohorts in this population. 10, 42 Yet, studies from neighboring India have reported lower prevalence estimates of low HDL-C values, ranging from 41% to 68%. [43] [44] [45] [46] Among the diet and lifestyle factors investigated, we found that smoking and alcohol consumption were virtually absent in our NNIPS-2 9-to 13-year-old cohort but practiced by *6% and *10%, respectively, among our NNIPS-1 15-to 23-year-old cohort, likely reflecting adoption of these practices through the adolescent years rather than a cohort effect per se. However, neither exposure was associated with cardiometabolic risk after adjustment for potential confounders, possibly due to low numbers of cigarettes and small amounts of alcohol consumed. Globally, smoking is a well-established risk factor for cardiovascular disease, 18, 47 and in the Asia Pacific Cohort Studies Collaboration, cigarette smoking, practiced by 59% of men and 5% of women, was found to exacerbate the effects of high SBP and TC on the risk of stroke and coronary heart disease. 48, 49 Combined, fruit and vegetables in our rural cohort were consumed regularly, with a median frequency of three times per day. Meat, fish, or eggs were reported to be consumed an average of twice per week, while snacks and sweets were consumed about six times per week. We found increased intake frequencies for some fruit and vegetables to be variably associated with increased and decreased cardiometabolic risk, depending on the condition. Higher intake frequencies of legumes were associated with lower risk of dyslipidemia. Most of the legumes consumed in this population were lentils and chickpeas, both good sources of slowly digestible fiber and vegetable protein. Randomized a Continuous data (height, BMI, waist circumference, systolic blood pressure, diastolic blood pressure, total cholesterol, HDL-C, triglycerides, glucose, and HbA1c) are presented with mean -SD. Categorical data (stunted, overweight, high waist circumference, high blood pressure, high cholesterol, low HDL-C, high triglycerides, high glucose, and high HbA1c) are presented as percents. b Data were missing for waist circumference (n = 27), blood pressure (n = 131), total cholesterol and HDL-C (n = 408), HbA1c (n = 409), and fasting glucose (n = 1569).
c Cutoffs for each of the listed indicators: stunted, height-for-age zscore less than -2; overweight, BMI-z > 0.42 (the equivalent of BMI > 23 kg/m 2 for adults); obese, BMI-z > 0.90 (the equivalent of BMI > 25 kg/m 2 for adults); high waist circumference, > 90 cm male or > 80 cm female, or age-adjusted equivalent for children (based on polynomial regression on sex, age, and interactions); hypertension, ‡ 95 th percentile of reference population or ‡ 140/90; at risk of hypertension, ‡ 90 th percentile of reference population or ‡ 120/80; high total cholesterol, > 180 mg/dL; low HDL-C < 40 mg/dL (men), < 50 mg/dL (women), or < 35 mg/dL (children); high total/HDL-C ratio, > 5; high triglycerides, ‡ 150 mg/dL (31); high glucose ‡ 100 mg/dL (30); and high HbA1c > 7%. NNIPS, Nepal Nutrition Intervention Project; SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; BMI, body mass index. trials have found lower glycemic response and better insulin and glucose regulation with diets higher in legumes. 50 In contrast, our study showed that more frequent intakes of ''other vegetables'' that included corn, eggplant, peas, green pumpkin, okra, long beans, green bean, tomato, cauliflower, cabbage, and drumstick were associated with increased risks of high blood pressure and dyslipidemia. Although appearing to be in contradiction to the epidemiological literature, [51] [52] [53] it is difficult to tease apart potential effects of the type of food consumed from their methods of preparation. Specifically, in this population, vegetables tend to be served fried or sautéed in oil, so this unexpected relationship may be indicative of a higher intake of fats and oils resulting from cooking methods. In contrast, an increased frequency of meat, fish, or egg intake appeared protective against dyslipidemia. In this population, the amount of meat consumed is substantially lower than in Westernized countries, reflected by a median intake of only twice per week and 30% of subjects not consuming any meat in the prior week. Meat, fish, and eggs contain essential amino acids and fats and are rich sources of micronutrients, which may explain some of the protective role that they play in this population.
The objective of the study was to examine the prevalence of cardiovascular risk factors in early life, at a point when preventive efforts might be most successful. There is little data on cardiovascular risk from rural populations in South Asia. Thus, this paper presents unique data from a population on the cusp of the epidemiologic and nutritional transition, with findings that are potentially relevant to other poor, rural settings in this region. The strengths of this study include its large sample size and wide variety of data collected by well-trained teams using standardized methods. On the other hand, the young age of the population meant that there was a low prevalence of some risk factors, limiting our power to detect associations with risk factors that are more prevalent at older ages. The food frequency questionnaire that we used did not assess portion sizes, limiting our ability to quantify serving sizes, and thus total amounts of food and nutrients consumed on a daily basis. While repeat 24-hr dietary recalls are often considered the gold standard of dietary intake assessment, they were thought to be impractical in this study, given the large sample size and the need to do repeat home visits over a wide geographic area. Still, the findings provide a reasonable characterization of intake patterns and dietary diversity within this lowland terai population.
In summary, these data provide estimates of the prevalence and associated risk factors for cardiometabolic disease in a rural South Asian population of adolescents and young adults. Although the prevalence of some risk factors was low, data from other populations suggest that this picture may change over the next decade, both with aging of our cohorts and temporal changes in lifestyle that can be expected. 4 In this regard, these data suggest a transition is already occurring, despite the traditional and impoverished rural culture that characterizes such a population, evident by measurable rates of dyslipidemia early in life, which also offers timely opportunities for prevention.
